off Great Ormes Head. Figure 1 shows the location of the bay and the inset portion shows the bay in relation to the Great Orme spawning ground, which is cross-hatched. This latter area is a spawning ground for several species of fish but principally for plaice (Pleuronectes platessa) Inset is an enlarged view of the bay; the centre of the Great Orme spawning ground is shown cross-hatched been investigating plaice spawning off the Great Orme, following the process from the spawning adults, through the eggs and larvae, to the juveniles on the beaches. A study of the food web is being made in Red Wharf Bay, with special reference to possible competitive mechanisms which might affect the young plaice. The initial work reported here has been concerned mainly with qualitative studies, which will lead, it is hoped, to a more detailed evaluation of the energy flow through the system. Since 1964 regular monthly samples have been taken with 4 m and 2 m beam trawls, a 0.1 m s van Veen grab, and a bottom plankton sampler, along five transects (T1 to T5, see Fig. 10 ) which started at low-water mark and extended seavcards in a north-easterly direction. The seaward limit of the transects depended on that of the 0-group plaice, the latter being determined by a series of trawl hauls parallel to the shore in various depths. A 1.5-metre push-net was used at low-water at the west end of the bay (T1). Before describing the food web, the general ecology of the bay will first be considered.
GENERAL ECOLOGY
The bay is sheltered from the prevailing wind (south-west) and the benthos is of the "boreal offshore muddy sand" type (JoNas 1950 About twenty-five species of fish are found, but numerically three species predominate in the beam-trawl catches -plaice, dabs and gobies (Gobius rninutus) -as shown in Table 1 , in which the percentage compositions of species caught in the beam trawl and in the pushnet are given separately. Comparison with an otter trawl has shown that the beam trawls used are relatively inefficient at catching pelagic fish such as herring, sprat and mackerel, and also whiting and the larger flatfish; the beam trawl will thus tend to underestimate 'the numbers of these fish. The push-net was nearly always used at low water of neap tides and here '0-group' plaice (those that are in their first year of life) form about 70 °/0 of the total. It is only on large spring tides that 0-group dabs are caught at low-water mark in the push-net. Decapods are abundant and are represented chiefly by Crangon vulgar#, Carcinus maenas, Portunus spp., Eupagurus sp., Corystes cassivelaunus and Hyas sp. Each year, plaice of the new brood make their first appearance in the bay in late April or May; their length range is then from about ten to twenty millimetres and many have not yet completed metamorphosis. At this time, they are found very close inshore in a few centimetres depth, their distribution ranging from the water's edge to about two metres. In this location they are, to a large extent, segregated from potential predators such as larger plaice and dabs, though there may be additional environmental hazards such as wave action. As seen in Table 1 , 0-group plaice comprise over 70 °/0 of the fish fauna in this shallow-water zone, sharing it mainly with gobies, sand eels (Amrnodytes spp.), and weevers (Trachinus vipera). In addition, Crangon and a few Carcinus also live in this zone. As the plaice grow larger some tend to move into deeper water and in the winter their distribution extends into a depth of about 14 m, though some of the smaller ones are still caught in the push-net at low-water mark. The variation in size in different depths is illustrated in Figure 2 , which shows the length distributions of 0-group plaice caught in depths of 4 and 9 m in February 1965. Presumably this mechanism helps to reduce intraspecific competition and cannibalism. Figure 3 shows the numbers of 0-group plaice caught per standard tow at several transects, throughout the year, for the 1964 and 1965 year-classes. Basically, the data may be divided into three parts (as indicated b y t h e broken lines) -there is an increase in numbers until July or August, a decrease from September to December and thereatier a gradual increase. The initial increase indicates recruitment and since the later recruits are much larger than those which arrive first, they must have metamorphosed offshore and somehow found their way into the bay; BRECNBALLE (1961) 
GENERAL FEEDING PATTERNS
The foregoing is an outline of some of the general ecological features which are relevant to food chains in the bay. At present, only the third trophic level (chiefly fish) has been studied, and for a preliminary rapid analysis of feeding the data are presented by the "occurrence" method. For each category, the percentage of stomachs containing food in which it occurred is recorded. This method has limitations in quantitative work but is satisfactory in assessing feeding on a qualitative and comparative basis. Figure 6 shows the main types of food eaten by the most abundant predators from May 1964 to April 1965. Plaice and dabs, both 0-and I-group, have similar food patterns in which polychaetes predominate, although amphipods, lamellibranchs and copepods (chiefly harpacticoids and cyclopoids) are also important. In Gobius and Callionymus lyra, amphipods occur most frequently in the stomachs, whilst Trachinus and Raja clavata prey largely on decapods, mainly Crangon but also crabs in the latter fish. Solea lutea feeds on harpacticoids and, to a lesser extent, on amphipods. Many Crangon and crabs had empty stomachs and, in those that did contain food, the contents were oEen unrecognizable or fragmentary. However, in Crangon, remains of amphipods predominate and in crabs, remains of polychaetes. Thus, as far as 0-group plaice are concerned, only 1-group plaice and both year-groups of dabs seem to have similar feeding habits. A more detailed examination of feeding in these fish will now be given.
THE DIET OF PLAICE AND DABS
There are, of course, differences in feeding from year to year and this is especially true of the young plaice when they first arrive in the bay. Figure 7 shows the composition of the diet of 0-group plaice of similar lengths (10-25 mm) when they were first caught in each year from 1963 to 1966. In this figure, the ordinate is the percent- age of total numbers in the stomach. In 1963 (the numbers here are approximate), the initial diet consisted almost entirely of larval Spionidae and, although this was true in 1965, tentacles of Magelona papiUicornis were also taken in that year. In 1964, many harpacticoids and cyclopoid copepods were eaten, but in 1966 the stomachs were packed with the calanoid copepod Ternora Iongicornis. In general, the biomass of benthos at low-water mark (where the plaice live at first) is very low compared with that further offshore. It is thus interesting to find that the plaice will feed to a large extent on plankton (probably bottom plankton). According to returns of sea-bed drivers (RAMsTER 1965), bottom currents are onshore in this area and it is thus possible that bottom plankton may tend to be concentrated in the shallows, so providing a favourable environment for the plaice. Figure 8 shows the stomach contents of plaice and dabs in more detail and some interesting differences are apparent. Considering first the most frequently occurring food item, polychaetes, it can be seen that whole adult worms, rather than tentacles or larvae, occur more oiten in the older fish than in the younger ones. There is a marked difference between plaice and dabs, because in the former the predominant polychaete is Nephthys, whereas in the latter it is Phyllodoce or Pectinaria. Larval Spionidae and tentacles of Magelona form the main polychaete food of the younger plaice and dabs.
Arnpelisca is the predominant amphipod in all four groups and is most frequently found in stomachs of I-group plaice.
Bathyporeia spp. and isopods were not found in 0-group dabs but Caprellidae were found exclusively in them and in older dabs. There are also differences with regard to predation on Crangon; whereas the frequency of occurrence of this species increases from younger to older dabs, the converse is true for plaice. Other decapods (mainly crabs) are found exclusively in older dabs. Cyclopoid and harpacticoid copepods are more often found in younger plaice and dabs than in the older fish, with cyclopoids (mainly Cyclopinoides littoralis) more frequent in dabs than in plaice. The younger fish also tend to eat lamellibranch siphons rather than the adult molluscs. Larvacea, ophiuroids, Turbellaria and fish were all found in 0-group plaice but not in 0-group dabs. In the older fish, differences are apparent for Actinaria (more common in plaice) and ophiuroids (more common in dabs). The total numbers of different food species found in the stomachs are also shown in the figure, and it is evident that both 0-and I-group plaice have a more varied diet than do dabs. The surprising aspect of the stomach contents is the relative scarcity of adult lamellibranchs, since they are abundant in the bay and form the main diet of adult plaice and dabs off the Cumberland coast (JoNrs 1952). In Red Wharf Bay, however, they are not abundant even in the stomachs of larger fish (II-and III-group), and it may be that, where polychaetes are numerous, they are preferred. This initial survey of feeding has shown that none of the food spectra are identical. Where they show some similarity, differences in distribution perhaps help to minimize over-exploitation of a common food supply and this is illustrated by three pairs of species previously referred to in Figure 6 . In each of these pairs, although the diet is similar, one of the species has a much wider depth distribution than the other.
Thus, considering plaice and dabs, Gobius and Callionymus, Trachinus and R. clavata, the first mentioned of each pair occurs over a wide range of depth and is caught in both the beam trawl offshore and the push-net at low-water mark. The others are absent or infrequent in the push-net catches (Table 1) and are found well below lowwater mark.
The high mortality rate of 0-group plaice and dabs, previously referred to, is presumably caused chiefly by predation. 0-group plaice have been found in stomachs of 1-group plaice (up to 20 °/o in some samples) and Trachinus, whilst 0-group dabs have occurred in stomachs of 0-and I-group plaice, and I-group dabs. Fish remains are also found in the stomachs of Crangon, Portunus and Carcinus, though to no great extent; it is possible that in these cases the fish may have died from other causes before being eaten. R. clavata, Gobius, and Agonus are other species in which fish have been recorded in the stomachs. Thus it should be possible, by providing a predator-free environment, to greatly increase the survival rate of young plaice. There was good evidence that a programme of predator control was effective in increasing survival in salmon (ForRSTeR & RmRrR 1941) , though the feasibility of such programmes depends to a large extent on economic considerations. It is also important to consider changes in biomass and production (SAIL& HORTON & BERRY 1965) .
MOVEMENTS OF PLAICE
An important question in investigating feeding of fish is whether the populations are restricted to definite areas or move about freely in search of food. In the case of 0-group plaice, this was investigated by a marking experiment which my colleague J. D. RILE~c and I conducted jointly in late August 1965. The plaice were marked by injecting a small amount of coloured liquid latex under the skin on the unpigmented side (RILrY 1966) . At about low-water mark, at each of three positions in the bay (east end -'T5', west end -'TI', and centre -'TY), about 3000 plaice were marked and released, different colours being used at each position; the distance between positions is about two kin. In addition, from 12 to 16 August 5400 plaice were caught at position T1, marked with a different colour (green) and released at a position in the centre of the bay about 3.5 km from low-water mark (Fig. 9) . It had been established, immediately before the release, that, as was usual at that time of year, 0-group plaice were not to be found at that position but were living in shallower regions towards low-water mark. After the releases, surveys for the marked fish were carried out by trawling in the release positions and also at two intermediate transects ('T2' and 'T4') . At each transect position the hauls were either parallel to the shore in the region of low-water mark or at right angles to the shore, running out northeastwards as previously mentioned. The great majority of recaptures were made in August, September and October, when most of the 0-group plaice are found between low-water mark and 5 m. The recaptures of the fish marked green and released offshore are given in Figure 9 , which shows, for positions T1, T3 and T5, the numbers of recaptures and the number of hours spent surveying from 20 August to 23 December 1965 (the week in which the last recapture occurred). It can be seen that more of the marked fish were recaught at T1 -the original position of capture -than elsewhere, and three possible reasons for this are suggested: (a) a "homing" reaction; (b) a general movement of plaice to position T1; and (c) a lower mortality rate at T1 compared with the other positions.
Some light is thrown on these possible explanations by a consideration of the recaptures of plaice marked and released where caught (Fig. 10) . These releases lasted from 17 to 29 August and the figure shows the recaptures from 26 October 1965 to 3 February 1966, when the last recapture occurred. Those at T1 were marked blue, those at T3 red, and those at T5 yellow. It can be seen that very few of the recaptures were made outside the area of release. Out of twenty~eight blue recaptures, ten had moved a short distance to T2 and only one had moved across the bay to T5. Of the releases at T3, eight were recaptured, five in the release area and one each at T1, T4 and T5. Twelve fish marked at T5 were recaptured, nine in the release area, one at T4 and two across the bay at T1 and T2. Thus there appears to be little lateral movement of plaice and no general movement towards T1. There were more recaptures per hours' fishing at T1 and T2 than at the other positions, suggesting that the greater catches of green-marked fish at T1 were not due to "homing" but to differential mortality. However, the large number of green-marked fish recaught at T1 perhaps calls for further investigations into the ability of young plaice to recognize specific areas of a bay. A fuller account of these marking experiments is in preparation. SUMMARY 1. About twenty-five species of fish occur in Red Wharf Bay; plaice, dabs and gobies predominate in the beam-trawl catches. 0-group plaice comprise about 70 °/0 of the catch in a push-net at low-water mark. 2. The 0-group plaice first arrive in late April or May and recruitment continues into July or August. In the succeeding months, the mortality rate is about 40 % per month. 0-group dabs arrive in June and their monthly mortality rate is about 44 %. 3. Growth rate of plaice and dabs is high in summer but low from November to April. 4. The food of the earliest 0-group plaice differed from year to year and included both plankton and benthos. 5. Pairs of fish species having similar feeding habits could be discerned but one of each pair had a wider depth distribution than the other. Plaice and dabs had similar diets but, when examined in detail, differences were apparent.
MACER:
Water temperature is, of course, important and will have to be taken into account in future work an energy flow. There are other factors --for example, density of food and density of young plaice.
FONDS: How about the effects of currents and the ability to smell food in relation to rheotactic behaviour of the plaice in homing?
MAc~I~: Laboratory experiments are needed to investigate this problem. My observations have been confined to the field at present.
